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Summary
It has been proposed that the mental representation
of a graspable object involves not only a description
of its visual properties but also encodings of the mo-
tor programs to act upon it [1]. Thus, observing a han-
dle automatically primes the motor programs respon-
sible for reaching and grasping it. Here, we provide
neurological evidence that such action-related object
features can bias visual selection. Two patients with
visual extinction after right-parietal injury detected
cups with left- or right-oriented handles, briefly dis-
played in either or both visual fields. People with this
disorder have deficient awareness for stimuli toward
the contralesional, left side of space, especially when
competing stimuli appear further to the right [2]. This
contralesional extinction was significantly reduced
when cups had handles affording a left-hand grasp,
even though no hand response was required. No ef-
fect was found when handles were replaced with
patches equated for position, size, and mean lumi-
nance. These data suggest that action-related infor-
mation may be correctly extracted by the visual sys-
tem, even though they are unavailable for conscious
report. It is proposed that an object affordance for
grasping modulates attentional selection by activat-
ing specific motor schema that, in turn, enhance the
competitive strength of that object representation.
Results and Discussion
Adaptive interactions with the environment require an
intimate linkage between vision and action systems.
Psychologist James J. Gibson [3] first introduced the
notion of affordance, which refers to the property of
an object or feature of the immediate environment that
directly links perception and motor performance. There
is now accumulating evidence, ranging from behavioral
[1, 4] to physiological studies [5, 6], that simply viewing
an object can partially activate possible actions toward
it, even in the absence of explicit intentions to act.
Thus, observing a handle automatically primes the mo-
tor programs for its reaching and grasping within a per-
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ac.uk (S.P.T.)The opposite is also true. There is evidence that acti-
vation of the motor system may affect visual processing
[7]. For instance, programming of manual responses trig-
gers covert shifts of attention toward the side of the
effector involved in the execution of these responses
[8]. Here, our goal was to examine the influence of ob-
ject affordance on visuo-spatial selection. Particularly,
we asked whether, analogous to attentional orienting
induced by motor preparation, attention shifts are also
triggered by actions automatically activated by visual
affordances.
The study focused on two patients with visual extinc-
tion after unilateral brain damage (Figure 1). Patients
with this disorder may detect a single stimulus in either
visual field; however, when two stimuli are presented
concurrently, the contralesional stimulus (i.e., the stim-
ulus on the left side of space after right hemisphere
damage) is excluded from awareness [2]. Extinction en-
tails an abnormal bias in visual attention in the favor
of ipsilesional stimuli, with a failure to direct attention
toward the contralesional side of space under competi-
tive conditions [9]. In this framework, we measured the
extinction rate (e.g., left detection on double simulta-
neous stimulation) for objects (e.g., cups) that only var-
ied with respect to the orientation of their affording han-
dles (Figure 2). Because cups were presented to the left
and right visual field, any general effects caused by the
presence of a graspable cup were counter balanced.
Only one of these cups contained a handle (or handle
feature). If object affordance enhances visual selection
toward the side of the hand most suited to respond to
the handle, then we would expect lower rates of left
visual extinction for objects with handles evoking a left-
handed grasp as opposed to objects with handles elic-
iting a right-handed grasp.
Detection of right-side (ipsilesional) stimuli was nearly
perfect for both patients, regardless of condition of
stimulation. In contrast, both subjects detected fewer
left-side stimuli in the bilateral than in the unilateral left
display (J.P., 56% versus 94%; P.S., 58% versus 94%;
p < 0.05 in both cases, Student’s t test), confirming that
they suffered from left visual extinction. Of most impor-
tance to our investigation, however, was how action-
related object properties influenced the report of left,
contralesional stimuli on bilateral displays (see results
in Figure 3). To this end, the number of left correct trials
were entered into a mixed design ANOVA with Condi-
tion (experimental versus control) and Orientation of
feature (left versus right side of the cup) treated as a
within-subject factor and Patient as a between-subject
factor. Each session was entered as a subject nested
within the patient factor. Separate ANOVAs were com-
puted for trials in which handle/cue varied in the left
(affected) and in the right (intact) visual hemifield. In the
left hemifield, there was a main effect of Orientation
(F[1,6] = 34.7, p < 0.001), indicating better left detection
when cups had a feature on the left side relative to the
right side. More crucially, there was a significant two-
way interaction between Condition and Orientation of
feature (F[1,6] = 34, p < 0.001), which reflected the fact
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Brain lesions from CT and MRI scans have
been redrawn onto standard slices accord-
ing to the method of Damasio and Damasio
[27]. We tested two patients with damage to
right parietal cortex. Patient J.P. was a 81-
year-old right-handed woman with a right
hemisphere lesion following a right middle
cerebral artery infarct. Testing began ap-
proximately 18 months after her stroke. A CT
scan revealed an area of reduced density
that involved the right inferior parietal lobule
(Brodmann areas 40 and 39) up to the intra-
parietal sulcus, superior, and middle tempo-
ral gyrus (Brodmann areas 22 and 21); it spared the precentral gyrus and basal ganglia but involved the later aspect of prefrontal cortex. She
was living independently, and a neurological examination showed no evidence of motor or somatosensory deficits of the limbs. Likewise, J.P.
had intact visual field when tested by Goldman and computerized perimetry. She was fully alert, perfectly oriented to time and place, and
willing to collaborate. There was dressing apraxia but no clinical signs of personal and extrapersonal left neglect on several conventional
tasks (letter cancellation, line bisection, text and word reading) and no contralesional extinction on auditory and tactile bilateral stimulation.
On neuropsychological testing, there was a reliable left-sided visual extinction with brief, unmasked computer displays. Patient P.S. was a
55-year-old right-handed woman who suffered a right middle cerebral artery infarct resulting in a left limb hemiplegia. Magnetic resonance
imaging (MRI) revealed infarction in the right middle artery territory, involving the inferior parietal lobule (Brodmann areas 40 and 39), pre- and
postrolandic cortex (Brodmann areas 4, 3,1, and 2), the posterior aspect of ventral premotor cortex (Brodmann area 6), and the superior
temporal gyrus (Brodmann area 22). Testing began 15 months later, at which time a neurological examination showed a left-hand weakness
associated with a partial-position sense deficit. Visual fields were full on both sides, but left visual extinction was reliably obtained on bilateral
simultaneous stimulation. No unilateral neglect was apparent on different standardized tests. P.S. was fully alert, oriented to time and place,
and collaborative.a significant interaction between Condition and Orien-
Figure 2. Examples of Double Simultaneous
Stimulation from a Block of Experimental Tri-
als and Control Trials, to Scale
The experiments were run on a laptop PC
(Dell Latitude) with E-Prime software (PST).
Patients sat at a table facing a computer
screen (14-inch color monitor with 1024 ×
768 spatial resolution) at a distance of w45
cm. Stimuli were computer-rendered images
(Cinema 4D) of 3D grayscale cups, each sub-
tending w6° × 6° of visual angle, and pres-
ented against a dark-gray background.
There were three different cup stimuli: (1)
cups with their handles oriented toward the
left or right side; (2) cups as in (1), except
that left and right handles were replaced with visual cues (oval patches of size and mean luminosity equal to the handles) in the same
position; and (3) handle-less cups. Note that handles did not protrude out of the cup contour, which was identical for all types of stimuli.
Each trial began with patients fixating on a white central cross, as verified by an observer positioned behind the display. After 1 s, either a
single cup was briefly presented in the left or right visual hemifield (14° away from fixation) or two cups were shown simultaneously on both
sides of fixation. Exposure duration was set such that each patient achieved a performance of roughly 90% correct on single left trials (250
ms for J.P., 200 ms for P.S.). After stimulus presentation, patients were asked to report verbally the location of stimuli (i.e., left, right, or both).
Critically, cup visual features (either handles or cues) were completely irrelevant to the patient’s task. There were two conditions of interest,
administered in separate blocks: Experimental (A) and Control (B) condition. They were identical except that in the Experimental condition,
cups with left and right handles were presented, whereas in the Control condition, cups with left and right visual cues were shown. Each
condition comprised ten types of equiprobable displays, including six unilateral and four bilateral displays. On unilateral displays, a cup with
either a left or right handle (or cue) or a cup without a handle appeared either on the left or right visual hemifield. On bilateral displays, a cup
with either a left or right handle (or cue) appeared in the left or right visual hemifield simultaneously with a cup without a handle shown in the
opposite hemifield. Each condition was given in four blocks presented in an AB, BA, BA, AB design across four separate testing sessions.
Each block consisted out of 80 trials (eight repetitions × ten display types) presented in random order.
monly associated with it (e.g., find the object you canthat cups with left-side handles produced less left vi-
sual extinction than cups with right-side handles (J.P.,
81% versus 47% correct; P.S., 78% versus 56% cor-
rect; p < 0.05 in both cases, t test with Bonferroni cor-
rection), whereas no extinction difference emerged for
cups with left and right patches. There was no interac-
tion with the Patient factor, indicating that the effect
was equal in two patients. Likewise, when cup affor-
dances varied in the right hemifield, there was a main
effect of Orientation (F[1,6] = 14.4, p < 0.009) as well as
t
r
t
c
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l
p
sation (F[1,6] = 3.78, p < 0.037), which replicated the
esults obtained in the left hemifield.
Previous work has shown that overt/explicit activa-
ion of the motor system can feed into brain systems
oncerned with perceptual processes and thus modu-
ate disorders of visuo-spatial attention. Thus, moving
r preparing to move the fingers of the left hand in the
eft side of space improves detection of targets dis-
layed thereof [10, 11]. Similarly, requiring a patient to
earch for a target based on the actions most com-
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1471Figure 3. The Effect of Object Affordance on
Visual Extinction
Percentage correct detections of left (con-
tralesional) visual targets on double simulta-
neous stimulation. Data are plotted as a
function of cup orientation, in the Experi-
mental (left) and Control condition (right), for
patient J.P. (filled squares) and P.S. (empty
square). Upper panels (A) depict results
when cup orientation varied in the left visual
hemifield; lower panels (B) illustrate data
when cup orientation varied in the right vi-
sual hemifield.drink from) can also improve detection of stimuli pres-
ented toward the impaired region of space [12].
However, several recent studies with normal perceiv-
ers show that actions evoked by an object can be auto-
matically encoded, whatever an observer’s intention
with regards to a seen object might be [1, 4, 13]. For
example, when participants are instructed to report the
upright or inverted orientation of a graspable object
with a left or right-hand response, objects that would
be grasped with the right hand (e.g., affording handle
is on the right side of object) facilitate such responses
when the right-hand, as opposed to the left-hand, re-
sponse is produced. These effects of action affor-
dances are produced even though they are completely
irrelevant to the subject’s task, implying automatic
computations of action.
Our results demonstrate that action-related object
features can bias visual attention and stimulus detec-
tion even when object affordances are completely irrel-
evant to the patient’s goals, and no overt hand response
is required. Thus, a cup evoking a left-hand grasp facili-
tates this object’s entry into conscious awareness, en-
abling explicit report of its presence. The finding that
oval patches presented in the same location as handles
failed to affect visual extinction demonstrates that the
observed effect of affordances is not simply due to in-
creased visual cueing by a salient feature [14] or to acti-
vation of an abstract, cognitive spatial code (see [1, 4]).
Rather, our results reflect the automatic activation of
already existing visuomotor schemata linking certain
object attributes to specific actions.
How might object affordances modulate patients’ vi-
sual extinction? According to competitive accounts of
visual selection [9, 15, 16], extinction emerges frommechanisms of unbalanced interhemispheric competi-
tion. On this view, a unilateral brain damage weakens
the competitive weight of contralesional stimuli, thus
favoring the selection of ipsilesional ones on double si-
multaneous presentation. Objects that afford left, con-
tralesional hand actions may specifically enhance mo-
tor and motor-related representations in the affected
right hemisphere. This, in turn, partly reduces the com-
petitive imbalance against contralesional events and,
therefore, ameliorates visual extinction.
Unlike deficits caused by lesion to primary visual cor-
tex, the loss of awareness that can follow damage to
parietal cortex does not rely solely on the position of
the stimulus in the visual field but also on its percep-
tual, semantic, and emotional properties [2, 17]. As we
have demonstrated here, whether or not a contralesio-
nal object will gain access to awareness depends also
on its significance for action. This conclusion con-
verges with other recent research in normal individuals
and extinction patients in favoring a view of attention
as a mechanism that selects information for specific
motor purposes, even in the absence of an overt action
[18–22].
Moreover, the results of the present study provide
some support for the premotor theory of attention pro-
posed by Rizzolatti and colleagues [7, 23]. On this hy-
pothesis, directing attention to an object should result
from the preparation of a specific movement to that ob-
ject. Our results suggest an extension of this theory:
that action-related object features can trigger orienting
of attention toward their location, even though there is
no explicit intention to act upon the object.
Physiological evidence in humans and monkeys indi-
cates that the mere observation of manipulable objects,
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1472irrespective of the subject’s intention, elicits the activa-
tion of cortical circuits (e.g., parietal and premotor
areas) and subcortical centers (e.g., cerebellum and
caudate nucleus) specifically involved in the trans-
formation of visual object information into action [5, 6,
24–26]. Our findings clearly indicate that action-related
objects can affect visual attention despite extensive
damage to the right parietal lobule, implying that this
cortical region does not play a necessary role in medi-
ating the reported effect.
Overall, results demonstrate that action-related infor-
mation influences visuo-spatial attention even when
objects are not accessible to conscious awareness be-
cause of extensive right-parietal lesion.
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